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Cerebral and peripheral arteriovenous malforma-
tions (AVMs) are effectively treated by means of
embolization with different embolic agents. In the
treatment of arteriovenous malformations of the
brain (BAVMs), materials and methods have evolved
for more than 20 years.1-3 Although embolization
with particles has been shown to be prone to
recanalization, only the use of cyanoacrylate glue has
proven successful in attaining a complete and per-
manent occlusion of an AVM. However, recanaliza-
tion may occur if the nidus is not reached and only
the parent vessel is occluded.4 Nevertheless, even at
best, only 10% to 15% of all AVMs are amenable to
complete occlusion by means of embolization alone;
the remaining AVMs require additional surgery or
radiosurgery. After initial experiences with isobutyl-
2-cyanoacrylate, the substance presently used is n-
butyl-2-cyanoacrylate (NBCA).2,5,6 The possible
risks and complications of the procedure may
involve the central nervous system; hemorrhage and
ischemia are the most common complications.7
Inadvertent sequelae involving other organ systems,
such as pulmonary embolism, have been document-
ed infrequently.8 Complications directly related to
the delivery catheter may result from catheter adhe-
sion to the feeding vessel of the BAVM; leaving the
catheter in place after severing is a necessity. There
are, however, no reported complications of periph-
eral arterial obstruction. We present the case of a
young patient, in whom fragmentation and migra-
tion of the delivery microcatheter after cerebral
AVM embolization with NBCA caused occlusion of
the popliteal artery with severe claudication, which
required saphenous vein interposition.
CASE REPORT
A 25-year-old man complaining of a progressive clau-
dication of his right leg was admitted to our institution.
The claudication distance was less than 100 meters. The
pulses of the popliteal and tibial arteries were not palpable.
The right calf and foot appeared pale and had a lower tem-
perature than the left lower extremity. Occlusion of the dis-
tal two segments of the popliteal artery was revealed by
means of color-coded duplex sonography and confirmed
by means of digital subtraction angiography (DSA) (Fig
1A). At least two catheter fragments floating in the
popliteal artery were demonstrated by means of a radi-
ograph (Fig 1B). One and one half years before admission,
the patient underwent the last session of NBCA emboliza-
tion for a right occipital AVM (Fig 2A). During this inter-
vention, the delivery microcatheter, a flow-directed,
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unbraided catheter without a guide wire (“magic” MP 1.5
F, BALT, France), remained adherent to the BAVM
because of unexpectedly rapid polymerization of the
embolization mixture. During the attempted withdrawal of
the microcatheter, a resistance was felt, indicating “glue-
ing” of the catheter (Fig 2B). Because the catheter could
not be removed, the decision was made to leave the
catheter in place and sever it at the level of the femoral
artery approach. There were no complications until the
patient noted a constant and increasing pain in the right
calf, which was consistent with intermittent claudication.
Surgery was planned to remove the catheter fragments
from the arterial lumen and to restore direct perfusion of
the tibial and peroneal arteries. After the longitudinal inci-
sion of the infragenicular popliteal artery was made, a
severe fibrous thickening of the arterial wall was found.
The filiform residual lumen, however, was completely
occluded by several catheter fragments that were already
partially incorporated within the arterial wall and throm-
botic material. The catheter material that was extracted
from the femoropopliteal artery is shown in Fig 3. After
extraction of the catheter fragments, there was no arterial
inflow, but a good arterial backflow existed. The severe
degeneration with obstruction of the popliteal artery
required replacement of the vessel, which was performed
by means of reversed saphenous vein interposition with an
uneventful postoperative course. The residual catheter
adherent to the BAVM and ending in the right vertebral
artery was demonstrated by means of a plain radiograph of
the skull and cervical vertebral column (Fig 4). The risk of
embolization of the residual catheter fragment upward
into the vertebrobasilar circulation could not be com-
pletely ruled out, because there was no imaging informa-
tion to ensure that the catheter was adherent to the verte-
bral arterial wall.
One year after the operation, the patient was well,
with no claudication and all pedal pulses palpable.
Unrelated to adhesion of the microcatheter, there was no
further endovascular access to the BAVM, and so radio-
surgery was chosen to achieve further and complete occlu-
sion of the BAVM.9
DISCUSSION
A variety of embolic agents have been used in the
treatment of cerebral AVMs since they were origi-
nally reported in 1960.1 The technique of emboliza-
tion with cyanoacrylate glue has certain advantages,
but is not without potential risk of inadvertent
effects. Whereas most complications relate to the
central nervous system, involvement of other organ
systems has rarely been reported.8
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Fig 1. A, Occlusion of the right popliteal artery demonstrated by means of digital subtraction
angiography. B, At least two thin catheter fragments that were supposed to mark the popliteal
artery lumen are demonstrated by means of this plain radiograph of the popliteal region.
A
B
Adhesion of the delivery catheter to the feeding
vessel of the AVM, such as in the patient whose case
is detailed, represents one of the technical problems
with cyanoacrylate glue embolization. Although dif-
ficult to use, NBCA is presently the most widely
used embolic material because of its capacity to
cause complete and permanent occlusion of the
injected nidus or feeding vessel. The underlying
mechanism of this group of substances is immediate
polymerization after contact with fluids containing
iodinized material, such as blood or electrolyte solu-
tions. The critical point in the use of cyanoacrylate is
the exact determination of polymerization. The
rapidity of polymerization must be adjusted accord-
ing to the blood flow in the territory to be occlud-
ed, which is determined after injection of iodinated
contrast material through the microcatheter. The
adequate rapidity of polymerization can be influ-
enced by adding various amounts of Lipiodol, an
oily, nonionic contrast agent. In this particular
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Fig 2. A, A right cerebral occipital arteriovenous malformation, which was treated by means
of acrylate glue embolization with n-butyl-2-cyanoacrylate and subsequent radiosurgery. 
B, Adherence of the delivery microcatheter to the arteriovenous malformation of the brain
caused by unexpectedly rapid polymerization of the n-butyl-2-cyanoacrylate embolization mix-
ture. When the withdrawal of the microcatheter was attempted, the tip remained in place; the
catheter changed its position when pulled tight, as demonstrated by means of digital subtrac-
tion angiography.
Fig 3. Complete collection of catheter fragments of different lengths that were removed
from the femoropopliteal artery.
A
B
embolization, a mixture of NBCA and Lipiodol,
containing a very high concentration of NBCA
(80%), was chosen because of the high flow in the
vascular territory to be occluded. However, poly-
merization occurred with unexpected rapidity.
So far, the only established option of manage-
ment in this situation is to sever the catheter at the
level of arterial approach, because any attempt to
remove the catheter might result in rupture of the
AVM. After cutting, the distal section of the catheter
is usually left floating in the arterial vessel. Severing
the catheter and extracting its central fragment at a
supraaortic level (for example, from the common
carotid or, in our case, from the subclavian artery)
not only has the disadvantage of an unnecessary addi-
tional trauma for the patient, but also carries the risk
of the catheter drifting with the blood stream, thus
leading to thromboembolic cerebral complications or
to occlusion of the respective supraaortic artery. This
has occasionally been observed and requires in special
cases an intracranial arteriotomy to remove the
occluding microcatheter. Spontaneous fragmentation
of a catheter left in place because of adhesion after
glue embolization for BAVM and migration of the
fragments resulting in peripheral arterial occlusion
has not been described, to our knowledge. The case
reported demonstrates that this rare complication
may occur with the accepted management of catheter
adhesion after glue embolization. The reasons for the
catheter’s fracture and deterioration in the blood
stream are not easy to identify. The catheter material
contains certain softening agents, which were possi-
bly degraded during the long period in which the
catheter floated in the blood stream. Thus, although
increasingly stiffening, the catheter finally had the
consistency of a fragile wire. It can only be speculat-
ed that prolonged exposure to mechanical alteration
exerted by the pulsatile blood stream may ultimately
have resulted in fatigue fracture of the catheter.
To overcome the problems of catheter adhesion,
further progress is directed toward hydrophilic coat-
ing of microcatheters and, above all, toward the
development of other liquid embolic agents, which
would allow for a broader adjustment of polymer-
ization time. In an in vitro simulation of NBCA
embolization, hydrophilic coatings were shown to
be less likely to exhibit permanent endovascular fix-
ation during acrylic embolization, with a significant
difference in NBCA types: Avacryl developed a sig-
nificantly weaker bond with all catheter types than
Histoacryl.l0
Nevertheless, there is no alternative to severing
the catheter when adhesive to the BAVM. Whether
suturing the end of the catheter at the site of entry
into the vascular system would have improved stabi-
lization of the catheter, and thus might have pre-
vented its fragmentation and popliteal embolization,
remains unknown. However, as a consequence of
this case report, a clinical surveillance, preferably
ultrasound scan, of such patients is recommended as
a means of detecting any vascular alteration as early
as possible to avoid chronic damage to the arteries.
CONCLUSION
This case demonstrates a unique, and thus far
unknown, complication of acrylate glue emboliza-
tion for BAVM. One should be aware that leaving
the catheter within the arterial circulation when it
adheres to the AVM carries the potential hazard of
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Fig 4. The residual microcatheter adherent to the arteri-
ovenous malformation of the brain ending in the right ver-
tebral artery at the level of C2 is demonstrated by means of
a plain radiograph of the skull and cervical vertebral column.
peripheral arterial occlusion, because fragmentation
and migration of the catheter may occur. On the
other hand, uncommon clinical situations of arterial
obstruction always require consideration of iatro-
genic causes.
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